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Abstract 
Road construction built over subgrade clay soil may experience lower shear strength of bearing 
capacity which may develop the failure of the structure. In order to meet the shear strength 
requirement, improvement of weaker subgrade is essential. This study investigates the potential 
of Oil Palm Shell(OPS) for subgrade improvement. The effects of Oil Palm Shell and its curing 
time in the mixture of the clay subgrade were examined by series of laboratory tests. The clay 
soils were mixed with OPS additives at 10%, 20% and 30% of total mix.  Modified proctor 
compaction was performed to get the optimum moisture content and maximum dry density for 
the CBR sample preparation. Samples were then cured for 7 days, 10 days, 14 days, 20 days and 
28 days prior California Bearing Ratio test to examine the improvement effect.  The results 
reveal that Oil Palm Shell improves the load bearing capacity of the clay soil subgrade due to 
higher CBR value produced as compared to conventional mix. The highest CBR values 
obtained from 30% oil palm shell at 20 days curing period. Thus, it can be concluded that the 
addition of Oil Palm Shell to the clay soil can improve the load bearing capacity of subgrade in 
the pavement construction. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
Department of Civil Engineering, Sebelas Maret University  
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1. Introduction 
Most of the problem encountered by highway engineers at road construction site is 
that the properties of subgrades are unable to meet the required specification. Subgrade 
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soil properties as a road foundation should be sufficiently strong to carry all the layers 
above. Clay subgrade which is the common types of soil found in Sabah becomes a 
problem in road construction due to the shrinkage and swelling of the soil.  Thus, the 
subgrade experience lower shear strength of bearing capacity which may cause the 
structural failure in a long run. When the soil conditions are poor, it becomes very 
expensive to construct safely and thus some methods of   soil improvement are needed. 
Many studies have been carried out related to the soil improvement such as 
stabilization by additives. Various types of additives such as fly ash (Aykut et al. 
2006),lime (Davoudi and Kabir 2011),sewage sludge ash (Li Chen 2009),gypsum (Isik 
Yilmaz 2009),  polymer (Jin Liu et al. 2011), and etc has been studied in the past  and 
indicated positive findings. Generally the composition of the additives or stabilizer 
influences the performance of the soil.  
When stabilizing agents are added to soils a series of reactions will take place, 
including pozzolanic reaction, cation exchange, flocculation, carbonation, 
crystallization, and dissociation (X.N.Gong 2005). These processes strengthen the 
particle bonding between grains and reduce the voids in soils. Thus, the engineering 
properties of soils such as strength and stiffness can be improved.  Apart from that, 
curing age also can influence the strength development of the mixtures. Li Chen 
investigated the effect of organic polymer stabilizer (STW) and curing on the strength 
development and found out that the curing duration increases the unconfined 
compressive strength of the stabilized soil (Li Chen 2009).  Research by Rao assessed 
the strength and the progress of lime-soil interaction and cured from 1 day up to 400 
days at 250 C. Research findings concluded that the higher ambient temperatures 
accelerated lime- soil reaction (Rao and Shivanada 2005). 
Oil Palm Shell (OPS) is a waste by product of oil palm milling, which is one of the 
major agro-industries in Malaysia.  Malaysia being the largest oil palm producer in the 
world, has a total planted area coverage of 3.8 million hectares (MPOB 2005) and 
produces over 4 million tonnes of OPS annually. Efforts had been carried out to gain the 
economic benefits from these wastes as construction material. Extensive research on the 
utilization of OPS in concrete has been conducted at Universiti Malaysia Sabah(UMS) 
for the past 10 years. Mannan et al studied the suitability of OPS as a lightweight 
concrete and showed positive improvement in terms of strength, bonding and durability 
(Mannan and Ganapathy 2001), (M.A. Mannan and Ganapathy 2004), (Mannan et al. 
2006) and (Teo et al. 2007).Their research findings indicated that, the bonding of  OPS 
concrete behaves similar to other structural lightweight aggregate concretes and 
achieved a higher than the theoretical bond strength as stipulated by BS 8110. While 
from the durability point of view, it was found that the durability of OPS concrete was 
very much affected by the curing condition (Teo et al. 2007). 
By considering the OPS potential in improving the performance of concrete, a study 
to investigate the OPS as an additive in clay subgrade was initiated with the aim to 
improve the subgrade at oil palm plantation.  This paper presents the finding of the 
effect of the OPS and curing time to the load bearing capacity of clay subgrade.   
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2. Methodology 
The clay soil sample used in this study was collected along Sulaman Highway, one 
of the busiest roads in Kota Kinabalu, Sabah region. While, the OPS was obtained from 
OPS refinery at Kota Marudu, Sabah Malaysia. The basic soil properties were 
determined based on USCS, AASHTO and USDA and shown in Table 1. In this study, 
OPS were used as soil additives. OPS were processed prior mixing into the clay soil. 
The preparation of the OPS was carried out based on procedure  (Okafor 1988), 
(Mannan and Ganapathy 2001), and (Teo et al. 2007).Table 2 and Figure 1 show the 
OPS properties and photo respectively. For investigating the effect of OPS on the clay 
soil, the clay soils were mixed at incremental percentage of OPS at 10%, 20% and 30% 
by weight. Then Modified proctor compaction was performed to determine the 
Optimum Moisture Content (OMC) and Maximum Dry Density (MDD) of the soil 
sample.  Consequently, samples mixes at OMC and MDD were cured inside plastic bag 
from moisture loss. Soaked CBR test was performed to investigate the load bearing 
capacity of the soil mixes.  The results of CBR with and without OPS were correlated 
with curing time in the analysis.  
 
Table 1. Geotechnical properties of The Clay Subgrade 
Engineering Properties Value 
Specific Gravity 2.76 
Classification 
 USCS 
 AASHTO 
 
CL 
A-7-6 
Consistency Limit 
 Liquid Limit, LL 
 Plastic Limit, PL 
 Plastic Index, PI 
 
45.7 
22.0 
23.7 
Optimum Moisture Content (OMC) 
Max. Dry Density(MDD) 
13% 
1980 kg/m3 
 
 
Table 2. Physical and Mechanical Properties of OPS Aggregate 
Property OPS aggregate 
Specific gravity (ssd) 1.17 
Water absorption (24 h), 23.32 
Aggregate abrasionvalue (Los Angeles), 
% 
4.80 
Bulk density (compacted), kg/m3 592 
Fineness modulus 6.24 
Aggregate impact value (AIV), % 7.86 
 Source :(Mannan, Ganapathy, 2001) 
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Figure 1. OPS aggregate  (Teo, 2006) 
 
3. Result and Discussion 
Result from the laboratory work were analysed and evaluated in terms of the effect 
of OPS to the followings: changes of OMC and MDD of the sample, curing time and 
load bearing capacity and the OPS content and load bearing capacity.  
3.1 Effect of OPS content to the OMC and MDD 
Figure 2 shows the MDD and OMC of samples containing various percentages of 
OPS. Sample without OPS showed a highest OMC and lowest MDD. For sample with 
OPS, no significant trend observed, however, the sample containing 30% OPS showed a 
higher MDD and lower OMC compared to the other two OPS content. With the addition 
of OPS, the OMC of the sample mixes increases about 0 to 6.1 % while the MDD 
reduces about 3.5 to 5.5% respectively. Generally, addition of OPS to the clay soil 
produced a higher OMC and lower MDD compared to sample without OPS. Similar 
findings recorded by other researcher in their study regarding the OMC and MDD of 
soil sample mixed with lime (Kavak and Akyarli 2007). With relates to this study, 
increment of OMC with the addition of OPS most probably due to the OPS acts likely 
as lime that required more water to raise the density of the mixture. 
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Figure 2. MDD and OMC of Sample Mixes 
3.2 Effect of Curing Time to the Load Bearing Capacity 
The main purpose of curing in this study is to allow some chemical reaction between 
additive and the clay soil, thus a correlation between load bearing capacity and curing 
time can be developed. The CBR value represents the load bearing capacity of a 
subgrade. In this study, the curing was performed to the sample with OPS only. Figure 3 
shows the fluctuation of CBR at different curing period. Two peaks of CBR value 
observed at day 10 and day 20 of curing period with the highest CBR value recorded at 
the day 20 of curing period for all samples. Regardless of OPS content, the CBR values 
rose sharply from 14 days curing period and reach a peak CBR value at 20 days curing 
period and then it drops in the 28 days of curing period.   By comparing the OPS 
content, mixes with 10% OPS produced the lowest CBR value. Observation of the CBR 
value obtained in this study indicates that curing of sample mixes contribute to the 
increment of CBR value. This finding agreed with Runigo et. al on their research of 
lime whereby the length of  curing time generally raise the sample strength due to 
pozzolanic reactions(Runigo et al. 2011).     
Addition of stabilizing agent or additives into soil causes a series of reactions 
including pozzolanic reaction, cation exchange, flocculation, carbonation, 
crystallization, and dissociation (X.N. Gong 2005).These processes strengthen the 
linking between grains and reduce the voids in soils and thus improve the engineering 
properties of soils, such as strength and stiffness. 
OPS (%) 0 10 20 30 
OMC(%) 13.00 13.80 13.60 13.00 
MDD(kg/m3) 1980 1870 1900 1910 
 
Clay + OPS 10% 
Clay + OPS 20% 
Clay + OPS 30% 
Clay + OPS 0% 
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Nevertheless, for OPS no research finding recorded regarding the pozzolanic 
behavior but OPS ash has pozzolanic characteristics. Therefore more research is needed 
to investigate the reaction of soil and OPS during curing.  When the OPS added to 
subgrade it will act as a mechanical stabilizer. The increase of CBR value could be due 
to the attributes of OPS texture. The rough texture of OPS makes it easily bonded with 
clay soil. The addition of optimum moisture content to the soil as well as applying the 
curing time, are expected to increase the cementation behaviour. Thus, this could be the 
main factor contributing to the increment of the CBR value.  
 
Figure 3. Relationship between the Curing Period and the CBR Value 
 
Table 3. Summary of CBR value with relates to Curing Period and OPS Content 
Curing (Day) Clay +  OPS OPS (0%) OPS (10%) OPS (20%) OPS (30%) 
7 
0.19 
0.72 1.18 1.48 
10 1.27 1.73 1.76 
14 0.93 0.96 1.18 
20 1.45 2.18 2.31 
28 0.97 1.09 1.27 
 
3.3 Effect of OPS content to the Load Bearing Capacity 
Figure 4 summarized the relationship between the OPS content in the sample mixes 
and load bearing capacity (CBR value) at various curing period. In terms effect of OPS 
content in the mixes to the CBR value, a linear relationship was observed whereby 30% 
OPS produced the highest CBR value.  
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It can be seen that increased addition of OPS into the mixes causes increment of 
CBR value regardless of curing period. 20 days curing produced the highest CBR value 
increment among the all mixes whereby about 50% and 6.0% increment in CBR from 
10% to 20% and 20% to 30% respectively. Significant increment of CBR value has 
been observed from 10% OPS to 20% OPS content for both samples at 20 days and 10 
days curing period.  While, curing period at 7 days, 14 days and 28 days show 
considerable increase of CBR value. The lowest CBR increment recorded at 14 days 
curing, whereby the CBR value increased about 3.2% and 22.9% respectively. By 
comparing the increment of CBR value and OPS content in all mixes at different curing 
period, CBR value rises from 10% OPS to 20% OPS content for day 7, day 14 and day 
20 of curing period with average increment 50 % . In contrast, higher increase in CBR 
recorded from 20% to 30% OPS content of 14 days and 28 days curing period 
respectively.  However, the differences of CBR values when the OPS content increased 
for all mixes could be influenced by improper sample preparation especially when 
mixing the OPS with clay soil.  
 
Figure 4. Relationship between the OPS Content and the CBR Value at Various Curing Period 
4. Conclusion 
From this study, several conclusions can be drawn: 
 Generally, addition of OPS to the clay soil produced higher OMC and lower MDD 
compared to the sample without OPS. 
 The highest CBR value or load bearing capacity recorded was at the day 20 of 
curing period for all samples. 
 A linear relationship was observed between the OPS content and load bearing 
capacity of the sample mixes. 
 30% OPS produced the highest load bearing capacity at 20 days of curing period. 
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 Promising result obtained in the utilization of OPS in improving the load bearing 
capacity of clay subgrade indicates that this additive can be used to improve the 
poor subgrade at plantation area. 
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